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BTeY

—Co Overview

* Brief description of the BTeV tracking system
» Pixel vertex detector

» Forward tracker (Straw & Silicon strips)
= Details of each sub-system

» Project overview (scope, organization)

» Technical Design overview
» Cost, Schedule, Critical path, and Risk Analysis

* Presentations prepared for the breakout sessions
= Conclusion
" Glossary
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G Introduction

Coverage:
» Aperture 300 mr

» Momentum acceptance 3 -
>100 GeV/c

Tracking efficiency > 98%
Resolution for vertex detector:
» Spatial : <9 um
» Time: <50 fs

Vertex detector info available for
use in L1 trigger

Angular resolution:
» Better than 0.1 mr
Momentum resolution:
» 1% at 100 GeV/c

Can handle huge data rate and
survive high radiation dosage

Vertex Detector
» Pixel Detector (WBS1.2)

* Precise vertex detection and
reasonable momentum
measurement capability

» Fast info available for use in L1
vertex trigger

Forward Tracker
» Straw (WBS1.6) and Silicon Strip

(WBS1.7)

* Precise momentum
measurement, Ks/A detection,
project tracks into RICH,
EMCAL, Muon chambers

* Combination of Silicon strips
near the beam and Straw
Chambers at large radius
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BTtY
%o Pixel Components WBS 1.2

= WBS 1.2.1: Sensor & Detector Hybridization

» Includes design, procurement and testing of sensor wafers, flip-chip
mating of sensors to readout chips to get pixel modules

= WBS 1.2.2: Electronics

» Includes pixel readout chips, data cables, PIFC, PDCB, HV/LV
power supplies and cables

= WBS 1.2.3: Mechanical & Vacuum system

» Includes substrate, fixtures, vacuum vessel, position control system,
cooling system, vacuum system, support structure, rf shield, and
feed-through board.

= WBS 1.2.4: System Integration

» Includes production HDI, pixel module assembly and testing, test-
stands, station assembly, detector assembly, beam test, control
&monitoring, fast interlocks, system test, system software

= WBS 1.2.5: Project Management
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%0 Pixel Detector Participants WBS 1.2

Fermilab: J. A. Appel, D. C. Christian, S. Cihangir, J. Fast, R. Kutschke,

S. Kwan, M. Marinelli, L. Uplegger, J. Andresen, M. Bowden, 6. Cardoso,

H. Cease, C. Gingu, J. Hoff, A. Mekkaoui, M. Turqueti, R. Yarema, J.

Howell, C. Kendziora, M. Kozlovsky, M. Larwill, C.M. Lei, A. Shenai, A.

Toukhtarov, M.L. Wong , S. Austin, S.Jakubowski, R. Jones, G.

Sellberg, M. Ruschman

Frascati: S. Bianco, F. Fabbri, M. Caponero, D. Colonna, A. Paolozzi

Towa: C. Newsom, M. Divoky, J. Morgan

Milano: G. Alimonti, S. Magni, D. Menasce, L. Moroni, D. Pedrini, S.

Sala

Syracuse: M. Artuso, C. Boulahouache, J.C. Wang

Tennessee T. Handler, R.Mitchell, S. Berridge

Wayne State: D. Cinabro, G. Bonvicini, A. Schreiner, A. Guiterrez, 6.

Gallay, S. LaPointe -
-Physicist

- Technical staff
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BTV
%0 Pixel L2 & L3 Managers WBS1.2

Base cost: $15.45M (Material: $8.00M, Labor: $7.45M)
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%g Technical Description of Pixel Detector WBS1.2

Reasons for Pixel Detector:
- Superior signal to noise

* Radiation Hard

- Excellent spatial resolution:
<9 um for all tracks

- Pattern recognition power

* Very low occupancy

Special features:

* Info used directly in the L1 trigger
* Placed inside a dipole and gives
standalone momentum measurement
- Sitting close to beam and be
retractable during beam refill ->

needs vacuum system and rf shielding

- 30 stations with 23 million pixels
in total
* Total length ~1.3m
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BTcY
~Co Pixel Detector WBS 1.2

= Pixel Sensor bump-bonded to Si pixel sensors Pixel Readout chip
Readout Chip (=== 7= Debugging___, Crpemmeeeeemremm e e J-

* Fine segmentation
» 50 um x 400 um
» Large number of channels

M8 Pixel array
+ End-of-Column

O Logic +2 = "Core” .128x22
)

Pixel array

End-of-Column

» Electronics in the active — | i iy 8 s
traCking VOlume Command \ A s Data Output
Interface—y /In‘rer'faca
» High power density (cooling sl o | R e SRR il L105b

system) Multichip module

= Basic building block — Multichip
Module (MCM)

» Large number of HDI and flex

cables o
= Assemble modules on substrate to wire bonds bume ponds \
form pixel half plane; an x- reade enes
measuring half-plane and a y- E ——
measuring half-plane form a half- = Z : -
station i ' i
high density interconnect TPG substrate
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BTeY

—~Co

Pixel Detector Properties & Performance WBS1.2

Property

Value

Pixel Size

50 um x 400 um

Outer plane
dimension

10cmx 10 cm

Central square
hole (adjustable)

Nominal setting:
12 mm x 12 mm

Number of planes

60

Number of stations

30

Number of pixels

23 million

Total Silicon active
area

0.5 m?

Separation of
stations

4.25 cm

B, —> D, K*

Primary-secondary vertex separation
Reconst - generated. c =138

B windf 1143 7 70
100 & yertex Separotion Resslution Constant 81.60
C Mean —37231E-03
I 138 pm Sigrma G.1377E-01
8o [
aw
2 b
5, B sedaegue I mn pils ver ] e iy )
-0 —-0.0758 0.0 —0.025 Q 0025 3.05 G.075 01
Lgen — Lrec
o w/ndf BES7 /4
140 — Proper Time Resolution Constant 128.7
E Mean  —(LZOZ4E-06
120 |
S5 L ABAReE Sigma 0.4B31E-04

oo |

tgen — trec

Toroper (Peconstructed) -t .. ... (generated)
c =46 fsec
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o Pixel Half-Plane WBS1.2

PGS (Pyrolytic Graphite Sheet) flexible
thermal coupling attached to copper'
tab LN2 heat sink

The temperature control
elements modulate the
temperature of
the substrate

TPG
(Thermal Pyrolytic Graphite)

Carbon fiber spacer

Pixel modules placed on both sides
of the TPG substrate
(active region: ~10 cm long)

Precision hole & slot washers

o
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o Pixel Half-Station WBS1.2

Temperature
Control Heater

Y-view pixel
modules I

Carbon fiber
spacer tube

PGS flexible
thermal coupling [

Carbon fiber
mounting bracket

X-view pixel P
S mounting pin

i
| TPG substrate I

Carbon support half
cylinder (~1.26m long)

Connection point
to LN2 heat sink

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 12
BTeV Tracking System - Simon Kwan



o Feed-through Board (FTB) WBS1.2

17.000"

3.268"# 3.268"# 3.268"# 3.268"ﬂ
O O O o1 |

1.964" *4‘»

O

Sl ©p board bolt holes are 3/8”
P Ml diam with ¥4” diam Cu outer ring
T G connected to FIB“Box Ground” net

PGS

BleV Axel Feed-Through Board

Dimensions
(board front side) Z/a03

— Vertical

Chi
p Middle board bolt holes are 3/8”
MOdUI@S 5 diam with 3/4” diam Cu outer ring

16.000"

PIFC § connected to FIB“Box Ground” net
Substrate i,
= Signal path: ROC- HDI- PIFC- FTB- ~
PDCB-trigger/DAQ system 8
= Board size: 17°x27.5”; 36 layers 1
= Full size FTB prototype will be
delivered next month o
. . : 1.634"
= Key for mechanical and electrical tests 0330 §
= FTB layout is very dense and can i be machingd and joined wit Saiacent FiEs
benefit from any possible simplification | onasdhemd o Apee
= No tracesorsilkon top orbottom layers. These
sections will be bolted to Al plate.
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%0 Pixel Detector Assembly

Feed through
board (FTB)

Mechanical e e -

pumping ports - -

Pixel stations

Window and
beam pipe

Pixel stations I

e
! Cold block
' LHelLN2 assembly

cryopump

\{ Actuators
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Cold block I

Support cylinder I

14



BTtV . _
%0 Pixel Construction Cost WBS 1.2

Activity ctivity Name ||[Base Cost [[Material Labor Total Total Total Total Total Total
() Contingency [[Contingency [[FY05 FY06 FYO7 FY08 FY09 |[FY05-09
(%) (%)
\Sensorsand 22?51496‘ 4?” 31” 229,083|11,158,577|[1,820,826 82,272 Off 3,290,758
Pixel Detector
Hybridization

1.2.2 [IPixel Detector| 4,233,927 37 37| 762.670||2,022,781(|1,171,484]|1,843,142 5,800, D??
Electronics

1.2.3 [[Mechanical 4574 493 46 37| 356,765|[1,843,255|[2,861,453||1,302,595|| 66,506 6,430, 5?5
Cooling and
\Vacuum
System
System 3,571,635 46 45| 323,461||1,045,414|11,427,008||1,807,736]|579,214] 5,182,834
Integration &
Testing
Pixel Detector 799673 23 18|| 206,466| 209,757| 207,289| 207,289||115,161 945,962
Subproject
Management
I S

I I N S R B

Subproject 15,455,224" 42" 38"1,8?8,446 6,279,783 ?,488,061||5,243,034||?60,881||21,650,205|
1.2

| 1.2
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BTCY

—~Co
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M&S Obligation Profile by Fiscal Year WBS 1.2
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BTeY

—~Co
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BTCY

—~Co
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Gantt Chart for Pixel Cnritical Path

WBS1.2

BTeV - WBS 1.2 Pixel Detector 10Ape)  Planned
Critical Path - Gantt Chart Late Dates « -
Ouly zelected activities/ milestones are shown Miestone A
Progress
Surmmary I N
Float
Acthvity 1D Activity Description Duration | Early Start | Early Finlsh | Float Fri4 FY¥05 F¥ia F¥07 F¥0a FY0a Fy10 Fyi1 Fri2
13 Froduchon Sensars - FMAL 4520 0ctos [31Juir 88d 1. I
1312 LevdMI-Plxel sensar rzagy for Froduclion ] 04NOVDS  |D4MovDS 88d 1.3.1.2/0m
217 PR Production - FHAL 3404 05NovDS | 13Mard? 73d 217 -
1335 LevZMI: Contracts Placed for Proguchion pixel sensars 0 23FaD0E  |23FeD0S 88d 133500
21763 LevZMIl: Coniract awarten Tor produchon pleel ROC 0 12Juilg 12Jul0E 73d 21 ?.5.3@ |
17 Hytrdization of Prapuchion Detecirs 3544 26EeplE  |0TMarls 73d 17 m
21789 LevdMi- Recelve al FRIX warers ] 150ctoe [050cing 73d 2-1-?=-_H | | |
214 FAl Produciion Unils - FRAL 374d O07THowDE  [D2Maydd T2d 414 “
217124  |Tesltne Wa'er & Mark Knoan-Bac-DIes 750 13NCVOE  |02Mart? 73d 51 _?_12.'_4_'9
1722 LevZMI- Contract placed for proguctan getectar hybroizaton ] 31Jand?  [31Jand? 73d l 1 m|<+ 1 ?_2_:‘5”
21712 Lavd il Froduchion PRC compietely tested ] 13Mard7  [13Mard7 121d = TrerETE 21 -F-'14h
17Z7EZ |LevdMI Nrsl ot of pixel detectors delivered 0 0EJund7  |0EJuniT 73d 172 T_B‘_jﬂ
1354 Lew3Mi: Froduchon sensors walers compietely deliversd o 3Ju0T |3 1JuinT B8d 135490
£3E Froduchon pixel stallan assamily 2244 IS2uglT  [25Junis £3d 4.2.6 I
2148 pEssembly and Testu_r'f[hj 185d 228007 | 24AprlE T2d 4_1_4:_3
L3562 @_pEEJGF:Ian}. 21d 050ctT  [DEMowDT £3d 4_3_3‘_'2:
43627 LevZhAl FInal plxel delector assembly started 0 DENDVDT DEMOWIT E3d 4 a'ﬁ'zl;lH
£3E3 (Azzembiz maoules on subsirates to farm Fall- planes 150d DENCVDT  [18Junis £3d 4 3_5_3+m
I3T Pleal Station 26t 182d ZINowET | 18Julls £3d 437 “—l
228 FeEOdAICHNT IRl DSTRTI0r Sy SN aeaamby —., 2850 1108c07  |02FebDd £3d 4 4_55 _
17277 |[ET HEeE o PoTICion e T e T T5ian0s  [Z30En0E 51 1727 T
177 LevdMI: All Produciion pixel defecions fesied 0 07TMardE  |0TMarts 83d R
EREN VZWE Froduciion Fixel Module Tompkted T 02Mayds  |0ZMay0d Ted 4_1_4.=1|;|§
2368 Levd Ml Al plxel stallons assemoled ] 25JundE  [25Junid £3d 4 Q_E_Ea
Z3IT5 VI A pliel skaflons assemoled & =sed 1 11Uz 11JuUlng £3d PER H
2485 [Fesling of e Ral-desacior 20a 230ctoe [19MovS £3d 4_4_5.55
Az e51ing of 12 aEEemoled defeciorn ak SIDET 256d 180ecld  |D2Feb03 €3d D ] 4_4_3_12"_."
24513 L=vZMI: Fixel detzcior lesied & ready to be shipped o CO ] 0ZFaD03  |02Febid £3d Ll mlsTn 4.4_5_'13,5
5.2.14 LnkZMi- Siar Fr 08 shatdoan ] 01dund®  [01Junid (] E-.:.'M-l
5.2.16 LAkZMI- Eng Construction 0 25%ep03  |2958p03 1] gzie]
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BTtV N .
%@ Critical Path Analysis WBS 1.2

= Target installation date: June 1, 2009

= Be Ready by (schedule from WBS1.10): May 1, 2009

* Scheduled completion date: Feb 3, 2009 giving a total float of 63 w/days
= Pixel Detector will be installed as one piece (vessel with stations inside)
= Schedule constraint by funding profile, especially FY05

= Pixel Detector has many components but the critical path 1s the making

the pixel modules, placing them on a substrate (half-plane and half-
station), and assemble the half-stations into the two half-detectors. This is
a sequence of assembly and testing steps. Because we have 1380 modules
in total, the duration of the each sequence is long (10 months or more). To
keep this tight schedule,

» A lot of staggering in the activities

» Place the orders early (sensor, ROC, hybridization)

» Multiple paths/vendors

» Sustain the flow of parts and have more than one assembly/test line/shift

» Engage qualified vendors early in QA and throughput discussion

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 20
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BTeY

% ) Key Milestones WBS 1.2

WBS Number Milestone Date
1.2.1.3.3.5 Contract awarded for production pixel sensors Feb 2006
1.2.2.1.7.8.3 | Contract awarded for production pixel readout chips Jul 2006

1.2.1.7.2.2 Contract awarded for production pixel detector hybridization | Feb 2007

1.2.4.3.6.2.7 | Production pixel detector assembly started Nov 2007
1.2.4.1.4.10 | Production pixel modules delivered May, 2008
1.2.4.4.8.13 | Pixel detector tested & ready to be shipped to CO Feb 2009

L ____________________________________________________________________________________________________________________________________________|
DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeY

%0 Pixel Detector Risk Analysis WBS1.2

Risks

Mitigation strategy

Bump bonding vendors not available
or have unacceptable yield or
throughput

Identify more vendors. Keep close
contact with LHC experiments and
have information about their
schedule and vendors

Cannot achieve the vacuum required
due to gas load much bigger than
expected and we don’t have enough
space for larger pumps or cryopanels

Repeat outgassing test with a model
which includes close to final
components and full size FTB.
Prototype the cryopumps

Pixel temperature control, cooling,
and vacuum system do not work as
designed.

We have put in our plan a system
demonstrator program that will
happen early in the construction
phase to study this and various
failure modes.

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeY
%ﬂ Straw Components WBS 1.6

Base cost: $9.5M (Material: $5.1M, Labor: $4.4M)

= 1.6.1 - Straw Detectors (7 stations)
» the physical Detector.

1.6.2 - Straw Electronics-

» includes front-end electronics, High and Low Voltage power supplies
and cables.

1.6.3 - “Other” Mechanical Subsystems

» Gas system, temperature control...

1.6.4 - Hardware and Software specific to Straw Detector
» Test Stations with database connections
» Fast Interlocks and Slow Controls

"= ].6.5 - Management

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 23
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%g Straw Detector Participants WBS 1.6

Fermilab: A.A. Hahn, P. Kasper, H. Cease, J. Howell, J. Krider, A.

Lee, D. Olis, T. Tope, W. Stuermer, C. Serritella, Z.Shi, D. Butler,
B. Pritchard, Y. Orlov

Frascati: F. Bellucci, M. Bertani, L. Benussi, S. Bianco, M. A.
Caponero, F. Fabbri, F. Felli, M. Giardoni, G. Mensitieri, A. La
Monaca, E. Pace, M. Pallotta, A. Paolozzi, B. Ortenzi

Southern Methodist University: T. Coan, M. Hosack
University of California, Davis: P.Yager

University of Houston: K. Lau, B. Mayes, G. Xu, Siva
Subramania, A. Daniel, M.Ispiryan

University of Virginia: M. Arenton, S. Conetti, B. Cox, A.
Ledovskoy, M.Ronquest, D. Smith, D. Phillips, H. Powell, W.
Stephens

-Physicist
- Technical staff

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeY

o Straw Organization WBS 1.6
WBS 1.6
A. Hahn
1.6.1 1.6.2 1.6.3 1.6.4 1.6.5
Straw Straw Other Mech. Integration & Straw
Detectors Electronics Subsytems Testing Management
J. Krider W. Stuermer D. Olis P.Kasper
$5.9M $2.1M $740k $320k $561k

Base cost: $9.5M (Material: $5.1M, Labor: $4.4M)
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BTeY

—~Co

WBS1.6

Straws: chosen because of of small cell

size (segmentation)
Uses Atlas design as basis
0.8% Xo per station

Tracking resolution: 150pum/view

Momentum resolution better than 1%
over full momentum and angle range

nt)

o{p)/plperce

Technical Description of Straw Tracker

Straw size

4 mm, Smin diameter

Central dead regton

26 ¢cm X 26 cm

Number of Stations

Z positions (cm) 96, 138, 196, 288, 332, 382, 7125
Active Half size (cm) 27.2,40.8,61.2, 884,102, 115.6,
197.2

Views per station 3

Lavers per view 3

Total mumber of straws | 26784

Total station thickness ~ 0.8% X

Total channels 53568

Readout ASDQ + TDC(S bits), sparsified

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTV ,
%0 Straw Detector — “half-view”

(More ar less to scale)

Station # 6 HalfView

i =

ot
H=
T4

&
| &

P e
7 N

ASSembled |n ; ';‘-«GIaSS Eeads ‘\
F 4 L Y

groups of 48 straws [ = A
~ Modules i : \

1 S |

1 1

Dead Reglnn /le
Gas Manifold Hole size=6.8mm inner diameter

17 modules /HalfView

Mod type 1=96 straws (short straw)
Mod type 2 =48 straws Mod type 2 48 4mm diameter Straws, 27 cm dead region)
Mod type 3=720 straws

Mod type 1 (96 4mm diameter Straws, gas Manifold and 27 cm dead region)

Mod type 3 (43 4mm diameter Straws)

total=864 straws

4mm modules have 3 planes of 16 straws

maodule is & 8Bom high (& 4 mm straws+2mm gap each side)
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BTeY
%0 Straw Detector Stations 1 & 2

Straw Length =54 cm
384 Straws/View
1152 Straws/station

Station #1 U,V HalfView
Frame.

X View i1s simple
rectangular shape

Station 1 “Prototype” Frame

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 28
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%@ Straw Detector Station 7

Station 7 View constructed of “SuperModules”

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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Straw Tracker Construction Cost

WBS 1.6

Activity JActivity Base Material Labor Total Total Total Total Total Total
D Name Cost($) |[Contingency||Contingency|[FY05 FYQ6 FYQ7 FYQ08 FYQ09 FY05-09
(%) (%)

1.6.1 |[Straw 5,850,421 23 29|l 470,866|3,278,268|(1.704,144|(1.340,729||569,488|| 7,363,495
Chambers L

1.6.2 |Straw 2,055,682 30 43|l 595,320|| 480,970|(1,068,940| 558,100|| 48,953|| 2,752,282
Detector
Electronics

1.6.3 [IMechanical 740,788 30 37 40,769l 204,225| 175,834 553,044| 18,213 992,084
Gas
Calibration &
Other
Support
Systems
(FNAL SMU)

1.6.4 |[Integration & | 320,177 31 7 130,235) 101,553| 129,286 41,698 31,739 434 511
Testing (all) |

1.6.5 ||Forward 560,945 30 30| 150.,030) 152.421| 150,627| 150,627||125,523 729,228
Tracker
Straw
Detector
Subproject
Management

1.6||Subproject |9,528,012 26 32||1,38?,220||4,217,436 3,228,831"2,644,198 793,915 12,2?1,600|

1.6

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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Unescalated K $

M&S Obligation Profile by Fiscal Year

Total: 5140 k$

WBS 1.6

T I
I
2000 I 203
N : 1591K
1600 - : _?
m I
1200 { |
_ I
0 712K
800 : 642K
. I
I
400 — :
_ [ S8K
I
0 v D.Dl! III.I:I! I 541.9! 2135.5! 1591.1! ?11.:3! 55.4
FY0S FY06 FYO07 FY08 FY09
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BTeY

—~Co

BTEW.SMU.EA
BTEW.SMU.EE
BTEV.SMU.GRADS
BTEW.SMU.ME
BTEW.SMU.PDOC
BTEW.SMU.PHY
BTEW.SMU.SE
BTEW.SMU.SRTECH
BTEW.SMU.TECH
BTEV VIRGINIA PDOC
BTEV VIRGIMIA PHY
BTEV . VIRGIMIA TECH
BTEW HOUSTOMN.PHY
BTEV HOUSTOMN.TECH
BTEVVIRGIMIAEE
BTEV VIRGIMNIA GRADS
BTEV VIRGINIAME
BTEW HOUSTON.GRADS
BTEW HOUSTOMN ME
BTEW HOUSTON.PDOC
BTEV FRASCATIL.GRADS
BTEW.FRASCATIME
BTEW FRASCATI.PDOC
BTEW FRASCATI.PHY
BTEWV.FMALPPD.ME
BTEW FMAL FPD.PDOC
BTEW.FMAL PPD.PHY
BTEW.FMALPPD.SE
BTEW.FMAL PPD.SRTECH
BTEW.FMAL PPD.TECH
BTEW FMAL PPD.DSGROR
BTEW. FMALPPOEA
BTEW.FMALPPD.EE
BTEW FMAL PPD.GRADS 0
Early

20

FTEs

10

Labor Profile by Fiscal Year

WBS 1.6

FYD3

FyD4

FYDS

| Fror

Il &\ B}

W

I

-
=
[=]
(=1}

(=]
o
FTEs [Cum Hours X 1768.0]

I

-
<
]
[Te)
L
=]
=]

i

FY05

FY06 FYO07

FY(08
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BTeY
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Description of Straw Project Flow

WBS 1.6

1cga1m4ber ’> 1.6.1.7 _> 1.6.1.8 & D Straw Detectors 1.6.1
components | ——P» Straw - —P 1.6.1.9 ] straw Electronics 1.6.2
(Straws, > Prep Site —> Module || Mechanical Subsytems 1.6.3
twisters... Jp Assembly || Det. Specific Hard/Soft 1.6.4
1615 > kg:ag 2lize — Critical Path
Tooling / Prep
Fixtures P sites » 16.1.10->
—> » 16.1.16
> i
1.6.1.3 > Half-View
Mechanical > Assembly
Parts > Sites
Fabrication
1.6.2.1&
1.6.2.2
HV Network,
1.6.4.2 ASDQ Card, p 1.6.1.17
&1.6.4.2.3 TDC Card, survey S|te
Test Stands HV/LV Bus
& Software
1.6.3.4 1.6.3.3 1.6.2.4->1.6.2.8 1.6.3.5 1.6.3.6
Gas System Frame Temp. HVI/LV PS and T, %RH, P Fiber Bragg
with Monitors Control Cables Monitors Grating
196 d ays roIat 193 days float 19 days float 168 d ays float 234 d ays float

X2

BTeV Straw Tracker

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
BTeV Tracking System - Simon Kwan
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Gantt Chart For Critical Path

WBSI1.6

il

Fyod4 | F¥05 | FYOS | FYO7 | FY0S | Fyog
Activity ID Activity Description Total Cost | Early Finish Float
1.10 Strawe Station 1 Half-Yiew Aszsembly Site (LVa) $43,482 13May0d 45.8041 1 w
1.1 Stravwe Station #2 Half-View Azzembly Site (UVa) $56.769 17.Julos 45.80« 1 —{.m
1.12 Strawe Station #3 Half-Yiew Aszembly Site (La) $89,209 (030ct07 458041 112 |
113 Strawy Station #4 Half-Yiew &szembly Site(LVa) F112,205 [24Maros 45.80:1 1 |
1.14 Strawy Station #5 Half-Yiew &szembly Site(LVa) $136,994 "1TApro9 45.80:1 1 1..._
1.13 Strawy Station #5 Half-Yiew Asszembly Site (FRAL) $226,161 04Jan0s 123,904 113 m
1.16 Stravee Station #7 Super Module Assembly Site (FRALY 310,688 (23Decdd 123904 1. |
2212 Complete Design HY Metwark Board $41,497 (03ApIo5 I67.80d 2942 E—|
2213 Production Asszembly and Test of HY Metwark Board $281,293 |298ug07 458041 2_2_1m
221318 [Levw3dil: HY Metwork Card for S#3 10 [22FeboT 458041 2941318 k‘
221321 |Levw3dil: HY Metwork Card for S#6 10 [23FeboT 124904 22131 A==
2222 Complete Desion PDE $24,346 15Apros 400.60d 2330 H
22273 Production A=ssembly and Test of PDB $342,761 | 21SepdT 47.60d 2_2__
222318 |LevaMil: PDE for S#3 $0 [20FebOT 47.604 2223188
222321 |LevaMil: PDE for SH6 $0 [20FebOT 126.90d 22232 A==
2231 Complete Design TOCS] Board $71,289 |25Jand7 THl 2334 q
2232 Production TOCS! Board $248,430 12Febhid THl 2_2__

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTy
%g Critical Path Analysis WBS 1.6

* Straw Stations ready for Installation
» The current production scheme builds (S3,S4,S1,S2,S5, TF=46
days) and (S6, S7 TF=124 days) at two parallel production sites.

» The production time scales are set by various assumptions on assembly
lines (2/site) and a single shift. These assumptions ( # sites, # assembly
lines, # shifts, and order of station production) could be changed.

» Critical path is also set by funding profile

» Assume that we want Front End Electronics (HV Network and
Preamp/discriminator Boards for testing of Detectors. This sets the 46
day total float.

 This assumption could be modified for earliest detectors.

» Target Date used was June 1, 2009, for Stations 1->3, and July 1,
2009 for Stations 4->7 (from Joe Howell 1.10)

» Note: except for HV and LV Power supplies, where the target date was
Jan 31, 2008.

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 35
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BTeY

%0 Straw Level 2 Milestones WBS1.6
WBS1.6 | Forward Straw Tracker Date

1.6.2.3.1.1.9 | ASDQ Chip Procurement October 2004
Initiated

1.6.2.3.1.1.10 | ASDQ Procurement Complete August 2005

1.6.1.7.1.2.13 | Straw Preparation Site March 2006
Functional

1.6.1.12.1.2.6 | Half-View Production/ February 2007
Assembly Sites Functional

1.6.6.4.1 Station 1 ready for Installation February 2009

1.6.6.4.7 Station 7 ready for Installation March 2009

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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%0 Straw Risk Analysis WBSI1.6

Risk Event

Mitigation

Major Construction Problems with Half
View Production

The best strategy is to have a robust production
prototype construction so that we can identify
production problems before we actually enter
production. A standby strategy is to have backup
sites which could contribute to Half-View
production once their original function is
accomplished. For example, once the Straw
Preparation Facility has finished, it could convert
to a Half-View Assembly site.

Process to produce ASDQ chips is
shutdown, by the time our budget
profile allows us to place order.

We need to identify a source of funds that allows
us to commit to a wafer run as early in the project
as possible-while the current wafer process still
exists. We could delay the packaging to later in
the project timeline, when more funds become
available.

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
BTeV Tracking System - Simon Kwan
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BTy . .
%g Silicon Strip Components WBS 1.7

Base cost: $7.5M (Material: $3.6M, Labor: $3.8M)

" Sensors
= Readout Chips

» Electronics Packaging & DA
» Hybrids, Flex’s, Junction Cards, Power Supplies, Cabling and DCB’s

= Mechanics

» Inner & Outer Supports
= Cooling
» Ladder Assembly

* System Integration & Testing

» Detector Prototypes & Tests, Control & Monitor, Detector Specific
Software

DOE CD-1 Review of the BTeV Project — April 27-29, 2004 38
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_BT[’V g e . .
%0 Silicon Tracker Participants WBS 1.7

= (Colorado University: J.Cumalat, P.Rankin, Eric Erdos

= Fermilab: J. Andresen, G. Cardoso, C. Gingu, J. Hoff, M.
Hrycyk, A. Mekkaoui, R. Yarema, J. Andresen, K.
Knickerbocker, A. Dyer

= Insubria University: P. Ratcliffe, M. Rovere

= INFN Milano: G. Alimonti, M. Citterio, S. Magni, D. Menasce,
L. Moroni, D. Pedrini, S. Sala, S. Erba, P. D’Angelo, S.
Latorre, M.Malatesta

= [NFN Pavia: G.E. Cossali, P.F. Manfredi, M. Manghisoni, M.
Marengo, L. Ratti, V. Re, M. Santini, V. Speziali , D. D1 Pietro,
G. Traversi, K. Fisher, L. D'Angelo

-Physicist
- Technical staff

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
BTeV Tracking System - Simon Kwan
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BTeY

%0 Silicon Tracker Organization WBS 1.7
WBS 1.7
Forward Silicon Tracker
L2 Manager
L.Moroni
Sensors Electronic Packaging & DA Cooling System Integration & Testing
L3 Manager L) bt L3 Manager L) st gei
S.Sala G.Cardoso E.Cossali D.Menasce
171 1.7.2.2,1.7.2.3.1.7.2.4,1.7.2.5, 173.6 1.74.1,1.7.4.4,1.7.4.6,1.7.4.7,
- 1.7.2.6,1.7.2.7,1.7.4.3 T 1.7.4.8
. Mechanics
Readout Chips 1.3 Manager Ladder Assembly
L3 Manager J.Cumalat L3 Manager
Velits et o 1.7.3.1,1.7.3.2,1.7.3.3 M.Hrycyk
1321 1.7.34,1.73.5 1.7.4.2

Base cost: $7.5M (Material: $3.6M, Labor: $3.8M)

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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Silicon Strips: simple single
sided p*/n design (CMS design)
7 stations

» 3 in dipole fringe field

» 3 before RICH

» 1 after RICH

Coverage from beam pipe to
+15.5cm from the beam

Each station has 3 planes of 320
pm thick SMD with 100 pm
pitch

Each detector is 7.9 cm x 7.9 cm

Four detectors form one ladder
with readout at both ends

New readout chip (FSSR) using
0.25um CMOS

Technical Description of Silicon Tracker

Property Value

Silicon Sensors ~T7.9 % 7.9 em? p-on-n type
Pitch 100 pm

Thickness 320 pm

Sensor configuration | 4 ladders with 4 sensors each
Coverage 30.6 x 31.6 em?

Central Hole
Total Stations

Z Positions

Views per Station
Channels per view
Total Channels
Readout

5.4 x 5.4 em? (7T x 7 em? for last station)

i

85.5, 127.5, 185.5, 277.5, 321.5, 371L.5, 714.5
3 (X,U.V)

6,144

129,024

Sparsified Binary

WBSI1.7

[T

T
S

S

Uy ] /
| FE electronics | |FE electronics | | FE electronics | | FE electronics |
i i T T T T e Al T e T

R R R AR R R RR R R ERR R AR R R R R
TR R AR R R R R REE AR R R R R R AR R R R R
TR EE R AR R R EREE AR R EE R R AR R R R

30.6 crmt

| FE electronics | ;| FE electronics | | FE electronics | | FE electronics |
AN / A

316cm

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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%0 Silicon Strip Readout Electronics WBSI1.7

Benefit from CDF RUN TIIB experience

Termination resistors FESR Low voltage
Y ..\\% 7 powar suppllies
B, ue |BRH[ wz [E-H] oz |H High vallage
S r power supplies

Junction
card

40 mm

Flax circult

Pigtail solder pads Decoupling
capacitors

| TS mm

Figtail
— Hybrid
f T Pitch adapter

Pigtail

Connector

.-""Jr mmm LA femeooeod

Diffeientbul
pairs . : : : :
: 1 em D3 Gem o 2bBpemn EQ__-D.E = ‘

F Ao ekl LS S
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BTevV
—Co Silicon Strip Detector Ladder Support WBS1.7

Pitch adapter  Silicon strip Ladder support

Beryllium Oxide sensors cross section

hybrid

- —

-

Pig tail

Ladder
support

Sketch of a ladder support and the relative placing Kapton
of silicon strip sensors, hybrid circuit, pig-tail fan-out ©°ommector
and kapton flex cable.

flex cable

DOE CD-1 Review of the BTeV Project — April 27-29, 2004



BTtV . .
%0 Silicon Strip Detector Half Plane Support

Water/glycol
cooling duct

Silicon strip
sensors

7 Tfj\j T
|
|

et — —

Pitch adapter Pig-tail Flex cable
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BTeY
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Silicon Tracker Construction Cost

WBSI1.7

BTeV Tracking System - Simon Kwan

Activity [Activity Base Material Labor Total Total Total Total Total  |[Total
ID Name Cost($) |[[Contingency [|Contingency [[FY05 FY06 FYQO7 FY08 FY0S |[FY05-09
(%) (%)
171 \1,087,865 25 28 o 185,079 179.661] 996,564 o 1,361,304
(SM)
[1.72 JElectronics [[2.273,508] 31| 27][ 279.813|[ 831.743] 975,683 850,129 2,969 2.940.336
1.7.3 |[Mechanics &| 983,248 53 45| 104,689 495,870[ 305914| 521253| 46,545| 1,474,271
Cooling
[1.7.4 [integration |/2.026,580] 46| 37][_500,509|[ 537.839] 650,432][1,066,521]] 89,068|[ 2,844,370]
1.7.6 |Detector 1,102,189 30 26| 152,373 426,979|| 421,956| 388,467 olf 1,389,774
Subproj
Mgmt |
1.7|Subproject ‘?,473,388 35“ 32"1,03?,385 2,4??,510“2,533,646“3,822,933||138,581 10,010,055“
1.7
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_~Co M&S Obligation Profile by Fiscal Year WBS1.7

Total: 3635 k$

1900 5
i 1888k :
1500 i
'm- B —
¢ -
= d _
- 1000 - 760k 778K I
5 _
0 |
Q —
= i -
-
500 - -
— 172k _
— 20k |
0 T mw | v I Fros I v I = T Frad |'? I
FY0S FY06 FY07 FY08 FYO09
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BTeY
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Labor Profile by Fiscal Year

WBS 1.7

BTEV.PAVIAEE
BTEV.PAVIAGRADS
ETEV.PAVIAME

BTEV. PAVIAPHY
BTEV.FPAVIATECH
BTEV.PAVIAEA
BTEV.MILAND.EA
BTEV.MILANO.EE
BTEV.MILANO.GRADS
BTEV.MILANO.ME
BTEV.MILANO. PDOC
BTEV.MILANO PHY
BTEV.MILANO.SE
BTEV.MILANC.SRTECH
BTEV.FMAL.CO.TECH
ETEV.FMAL.COLEA
BTEV.FMAL.COEE
ETEV.FMAL.CD.ME
BTEV.FMAL.COPHY
BTEV.FMAL.COUSE
BTEV.FMAL.CD.SRTECH
BTEWV.FMAL.COSSTUDENT
BTEV.CU.PHY
BTEV.CU.SRTECH
BTEV.CU.TECH
BTEV.CLUL.OSGRDR
BTEV.CLUEA
BTEV.CU.EE
ETEV.CU.GRADS
BTEV.CLUME
ETEV.CU.FDOC
BTEV.CLU.SE
BTEV.FMALFPFD.ME
BTEV.FMALPPD.PHY
BTEV.FMALPPD.SE
BTEV.FMALPPD.SRTECH
BTEV.FMALPPD.TECH
BTEV.FMALFPPD.EE

Early

Early

FTEs

25 -

20 -

10 -

Y03

FlL

| Fro7

N

\

?':-lll'
===
e ——
e —

I‘:l

-n
=
o

| Frioo

Fv10

FY05

FY06 FYO07

FY08 FYO09
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BTy o .
%0 Description of Project Flow WBS 1.7

Sensors Readout Chips Hybrids & Flex’s Mechanics Cooling DA & Control
I |
v
Hybrid Assembly
I
> Proto Ladder Assembly & Tests <
Sensors Readout Chips Hybrids & Flex’s Mechanics Cooling DA & Control
Hybrid Assembly
I
> Final Ladder Assembly & Tests <
[ ] Prototyping \ 4
Plane Assembly & Tests
[ ] Production

A 4
Station Assembly & Tests

—p C(Critical Path

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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Co Gantt Chart for Strip Detector

WBS1.7

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeV - WBS 1.7 Forward Tracker Strip Detector P —
Barchart for Critical Path Analysis Lat Dates - .
Sorted by Float llesions
Progress
Summary ]
Aoat
Activity 10 Bctivity De=coription Float | EarlyStart | Early Finish ory]  Fyod F{os Fyos For FHioe FYoo FYio
24244 Thiming, Coaing & Dicing T==i=d Pass Two Ko Frodo a7t2d  010ct04 210ct04 212194 E’
22278 Tesi Ass=mbled Prot Hybrid for Ladder Tesk 1E2d  18Sepds 063ctls : 2_22_-}.”
4442101 Aszzemble & Ta=i Ladder Proto ai Silied 207d 10005 04HoWS : 411 Z_L-H
4111124 Le=2hil: Ladd=r Frob P=suls F=vad & Becommendadonshia 1@2d  13Jandd 13land8 ) 41141 _1&_
2238 Promre Preproduciion Hybrids 183d  0BMardE 13Juk6 : 22_4,“
2141895 Ot Approvaks for & Order Pra-Prod Auncd Fimal C= 120d  17ApdE  28AprS 2 4_15.’*
2441410 Te=i Pr=-Prod Run of Fimal Ks 243d  26JuDE 205 epls 20149,
242254 Thiming, Coalng & Dicing T==i=d Pr=- Prod K2 120d  21Sepds 11008 : 2123,
22312 Vend Azsamblas & Tasis Hybrids with Pass Thes KOs 120d  02HowdB 01Decd : 223,
22313 Te=i Azs=mbl=d Preproduclion Hybrids lor Stafion Tasts 120d  04D=c08 31Jand7 : EE-S-HH
13321 Maruiaciure, Te=i & Ship Pre-Prod Shipmem ol SM S=n=ars 51 191d  15D=clf 18Jand7 ' q S.SJZI:II_H
13323 P Accepl Test ol Pre-Frod S Sensors 191d  17Jand? 30Jan07 1_33:‘!’5
2142524 L=v3hil: Pecsive 151 Shipmeanied K= 243d  12F=BD7 12F=b07 : 1 _¢2_5_é.fq
242344 Thiming, Coming & Dicing 1=1 Shipmani of K= 2M4d  13Apd7 03Mayd7 : 21 E-SH!_.H
21425213 Lea3Ml: Producion Ksrecsived &=si=d 278d  204Augd? 20Aug07 : 21 _42_5_2_1_;_'—
212345 L=2hil: Producion Kos Recsved, Tesi=d & Thimed 278d  11S=pd7 115epd7 : 21234y p—
13334 Maruiacre, Te=i & Ship 151 Shipmani of Prod S S=rsar 51 112d 010107 270207 e .
22485 Wend Azsem bles & Tesis Hybrids tor Ladder Produclion 140d  05D=c07 05F=b08 ' 2248
22498 Te=i Azzambl=d Producion Hybrids tor Ladder Producion 120d  19D0=c07 18Ma 08 : s o496 ;
13333 Ldhil: Facsivead 1=1 Shipmand of SM S=nsar 127d 27007 270207 : 13,3 3 ju—
42.1.41 L=3Mil: Star R=csiving Ladder Prod Cornponamis 120d  06F=b08 06F=b08 : 421 e
421.7 Azzemble & Tasi Ladders a1 SiDed 122d  12Mar08 2452p08 4_2_1L+—
424.3 Wend Azs=mble & Tesi Ladder Prod 112d  15Mayd8 15JulE ' 4.2;4:!?
424.4 Rzceve & Tesd Laddar Prod 4+ om Verd 112d  18JuDB 08008 . a4z
4283 Le=2hil: Laddar Burrin Compl 112d  05HowaB 05HowIE : i:;
428.4 Aszzemble Manss from Laddears & Tesial S0 112d  0BHowda 120ec08 : 42&:”
4289 Aszzemble Salons from Plans=s & Te=ial S0 112d  26How8 170ec08 : “-Eﬂw
428.14 L=v2hil: FSIL Staions Azs=mbled & Tasiad 112d  17D=c08 170ec08 dg_ale
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G Critical Path Analysis WBS 1.7

* The shortest Total Float in the Forward Silicon Strip
project 1s 112 days
» 1.e. any delay up to 6 months can be absorbed by our schedule
without impacting the deadline for installation on June 09.
= Furthermore,

» Several activities on the Critical Path can be delayed by a few
additional months without impacting the previous value of the total
float

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeY

%0 Key Milestones WBS 1.7
Milestone Date
Sensor accepted for full production Feb-07
Production sensors received and tested Jul-08
Readout IC approved for production Oct-06
Production ICs Received tested and thinned Sep-07
Hybrids approved for production Feb-07
Hybrids complete and tested Mar-08
Station support procurement complete Sep-08
Ladder production 100% Complete Oct-08
First FSIL station ready to be installed in CO Nov-08
Last FSIL station ready to be installed in CO Dec-08

L ____________________________________________________________________________________________________________________________________________|
DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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BTeY

o Risk Analysis WBS 1.7
= Risks =  Mitigation
1. 0.25um CMOS process 1. Work with multiple vendors.
disappears before we go into Keep in close contact with
production vendors to understand their

future plans.

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
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Summary for WBS 1.2, WBS 1.6, and WBS 1.7

More information on the Pixel (WBS 1.2), Straw (WBS 1.6) and
Silicon Strip Tracker (WBS 1.7) 1s available in the breakout sessions.

WBS 1.2

Overview — D. Christian ( today at 4:00pm)

Sensor & hybridization — S. Kwan
Electronics — G. Cardoso

Substrate & half-plane assembly — CM Lei
Cooling and Vacuum system — M. Wong
Pixel Detector assembly — J. Fast

Test beam & slow control — C. Newsom
Cost and Schedule — S. Kwan

WBS 1.7

Overview — L. Moroni (today at 4:30pm)
Readout chip — V. Re
Readout electronics — G. Cardoso

FBG sensors for position monitoring — M.
Caponero

Software for test stand and DAQ — D. Menasce

Cost and Schedule — L.. Moroni

WBS 1.6

Overview — A. Hahn

Occupancies and Track efficiencies —
P. Kasper

Straw Production, Cost & Schedule —
A. Hahn

Straw Chamber Assembly — Y. Orlov
MOX — A. Paolozzi

Preliminary results from test beam —
M. Arenton

UVa BTeV Straw Project R&D and
Site Preparation — B. Cox

Aging studies and Leak Detector
Development - K. Lau
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BTeY .
o Conclusion

= The BTeV tracking system has three elements: Pixel vertex
detector, forward silicon tracker, and forward straw
detector

* For all three detectors:
» Basecline technical designs exist
» Organization structure established

» Detailed WBS leading to a base cost estimate and resource-loaded
schedule for the construction of the baseline detector

» We are ready to move on to the next phase of the project
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BTI’/V_ Pixel Glossary of Terms

= HDI — High Density Interconnect

* PIFC — Pixel Interconnect Flex Cable
* FTB — Feed-through Board

» TPG — Thermal Pyrolytic Graphite

= PGS — Pyrolytic Graphite Sheet

= LN2 - Liquid Nitrogen

= PDCB - Pixel Data Combiner Board
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BTtY
%0 Straw Glossary of Terms WBS 1.6

* Module : basic construction unit consisting of 48 straws

= Half-Views: Each Straw Station 1s made of 3 views (X, U,
V). Each View i1s divided into two “Half-Views”, in order
to install detector around an existing beam pipe. Each
Half-View 1s an independent working detector.

= ASDQ chip — Amplfier, Shaper, Discriminator and Charge
chip; designed by the Upenn group and used in CDF COT

= MOX — Module O (closest to the beam pipe) X view
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BTy - .
%0 Silicon Strip Glossary of Terms WBS 1.7

* FSSR: Fermilab Silicon Strip Readout Chip

= DCB: Data Combiner Board (note: Pixel and silicon strip
will use the same type of DCB)

= DA: Data Acquisition

* FBG: Fiber Bragg Grating
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